Femtosecond studies of protein-DNA binding and dynamics: histone I.
In this contribution, we report studies of the nature of binding interactions and dynamics of protein histone I (H1) with ligands in solution and as a complex with DNA, an important biological process for the higher-order structure in chromatin. With femtosecond time resolution, we examined the role of solvation by water, the micropolarity at the interface of the binding site(s) of H1, and the rigidity of the complex structure. We used two biologically common fluorescent probes: 2-(p-toluidino)naphthalene-6-sulfonate (TNS) and 5-(dimethylamino)naphthalene-1-sulfonyl chloride (DC). By noncovalently attaching TNS and covalently adducting DC to the binding sites we found that the solvation dynamics, which occur within 1 ps, for the probe at the protein surface and in bulk solution are comparable, indicating the significant contribution of bulk water shells. However, the local polarity changes significantly, reflecting the change in dielectric properties at the protein/water interface. The binding structure of the protein-DNA complex was examined by the local orientational motion of the probe. The covalently bound DC molecule, sandwiched between the protein and DNA, was found to be frozen, revealing the very rigid structure at the recognition site, while, for noncovalently bound TNS, the complexes displace the probe. The dynamical rigidity of the complex, and the role of solvation and interface polarity, elucidate the strong recognition mechanism between DNA and the protein by electrostatic interactions, which are important to the compactness and to chromatin condensation in the biological function.